The most lethal damage for the cell among all damage is double-strand breaks (DSB) of DNA. DSB cause development of cancer diseases including the triple-negative molecular subtype of breast cancer. The aim of this work was to evaluate the single nucleotide polymorphism -135G>C (rs1801320) of the RAD51 gene encoding DNA repair proteins by homologous recombination (HR) in triple-negative breast cancer (TNBC). We assessed the RAD51 -135G>C polymorphism in 50 women with triple-negative breast cancer and in 50 women from the control group. RAD51 polymorphism was analysed by the PCR-RFLP (restriction fragment length polymorphism) technique. Our results demonstrated a significant positive association between the RAD51 C/C genotype and TNBC, with an adjusted odds ratio (OR) of 5.95 (p = 0.002). The homozygous C/C genotype was found in 68% of breast cancer cases and 20% of controls. The variant 135C allele of RAD51 increased TNBC risk. This is the first study linking single nucleotide polymorphisms of the RAD51 gene with TNBC incidence in the population of Polish women. In conclusion, RAD51 polymorphisms may be regarded as predictive factors of triple-negative breast cancer in the female population. Large studies are needed to confirm our findings.
Introduction
Breast cancer is one of the most common malignancy in women. There is almost 10 000 newly recognized cases per year in Poland. It means that every year there will be 30 women suffering from breast cancer for every 100 000 [1] . Mortality increases 1.6% every year because cancer is detected too late. Only in 20% cases the disease is diagnosed in an early stage when chances for recovery are very high. If breast cancer is not cured, only 5% of women will survive 10 years. For a cured patient the chance of living the next 5 or 10 years without relapse depends on the stage of cancer at the time of beginning therapy. The average rate of 10-year survival for all stages of disease progress is 40% [1] . The achievements in breast cancer are still not sufficient compared to the scale of the problem. So far there is no initial factor which causes and develops the disease.
Triple-negative breast cancer (TNBC) refers to about 15-20% of all breast cancer cases. It is characterised by worse clinical outcome and poor prognosis [2, 3] . TNBC is defined by the lack of expression of oestrogen, progesterone and HER-2 receptors. TNBC is diagnosed more frequently in younger and premenopausal women.
Lately we can observe significant progress in understanding the mechanism of DNA repair. Owing to fast methods of sequencing and DNA sequence analysis from different organisms, the structure and function of DNA repair proteins in mammals are being revealed. In the future, understanding of these processes may prevent diseases based on insufficient DNA repair processes (leading finally to mutations, destabilization of the genome, and cancer development). On the other hand, mutations of repair genes (especially their multiplexing in cancer cells) can make chemotherapy ineffective. Better understanding of DNA repair systems in humans can help in new anticancer drug development, especially enzyme inhibitors responsible for drug resistance of certain cancer types.
There are five known systems of DNA repair: the pathway of direct reversion of damage, base-excision repair (BER), nucleotide-excision repair (NER), mismatch repair (MMR), homologous recombination (HR) and non-homologous DNA end joining (NHEJ). A number of studies suggest a link between deficient repair of DNA double strand breaks (DSB) and genetic predisposition to hereditary as well as sporadic breast cancer [4] [5] [6] [7] [8] .
DSB in DNA are repaired by the following two major mechanisms: homologous recombination (HR) and nonhomologous DNA end joining (NHEJ) [9, 10] .
RAD51 homolog (RecA homolog, E. coli) (S. cerevisiae) plays an important role in homologous recombination [11, 12] . It is known that RAD51 gene -135G>C polymorphism may contribute to breast cancer risk [13] [14] [15] [16] [17] .
Unfortunately, it is difficult to find in the literature reports directly linking this polymorphism in the DNA repair gene RAD51 with TNBC occurrence.
In the present study the association between the -135G>C polymorphism of the RAD51 gene and triplenegative breast cancer was investigated. Table 1 . Samples from age-matched, cancer-free women (n = 50) served as the control. The Local Ethic Committee approved the study and each patient gave written informed consent.
Material and methods

Patients
The breast tissue samples (cancerous and non-cancerous) were fixed routinely in formaldehyde, embedded in paraffin, cut into thin slices and stained with haematoxylin/eosin for pathological examination. DNA for analysis was obtained from an archival pathological paraffin-embedded tumour and healthy samples which were deparaffinized in xylene and rehydrated in ethanol and distilled water. In order to ensure that the chosen histological material is representative for cancerous and non-cancerous tissue, every tissue sample qualified for DNA extraction was initially checked by a pathologist. The DNA samples were extracted using the QIAmp Kit (Qiagen GmbH, Hilden, Germany). DNA purification was achieved according to the manufacturer's instructions.
Evaluation of ER, PR and HER-2
ER, PR and HER-2 status was determined by an immunohistochemical method as part of the routine clinical practice. Using the immunohistochemical assay, tumours were classified as positive if more than 10% of the cells showed nuclear staining for the receptor. This information was received together with the 
Genotype determination
Single nucleotide polymorphism -135G>C was determined by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), using primers 5'-TGG GAA CTG CAA CTC ATC TGG-3' (forward) and 5'-GCT CCG ACT TCA CCC CGC CGG-3' (reverse).
RAD51 135G>C genotyping was analysed by PCR amplification of a 175-bp region around nucleotide 135. This region contained a single MvaI site that was abolished in the 135C allele. Wild type alleles were digested by MvaI resulting in 86-and 71-bp products. The 135C allele was not digested by the enzyme, resulting in a single 157-bp product.
The PCR was carried out in a GeneAmp PCR system 9700 (Applied Biosystems) thermal cycler. PCR amplification was performed in a final volume of 25 µl. The reaction mixture contained 5 ng of genomic DNA, 0.2 µmol of each appropriate primer (ARK Scientific GmbH Biosystems, Darmstad, Germany), 2.5 mM MgCl 2 , 1 mM dNTPs and 1 unit of Taq Polymerase (Qiagen GmbH, Hilden, Germany). The PCR cycle conditions were 94°C for 60 s, 54°C for 30 s then 72°C for 40 s, repeated for 35 cycles. After digestion with MvaI for 4 h at 37°C samples were run on 7% polyacrylamide gel and visualised by ethidium bromide staining. Each subject was classified into one of the three possible genotypes: G/G, G/C or C/C.
Statistical analysis
For each polymorphism, deviation of the genotype frequencies in the controls from those expected under Hardy-Weinberg equilibrium was assessed using the standard χ 2 test. Genotype frequencies in cases and controls were compared by χ 2 tests. The genotypic-specific risks were estimated as odds ratios (ORs) with associated 95% intervals (CIs) by unconditional logistic regression. P-values < 0.05 were considered to be significant. STATISTICA 6.0 software (StatSoft, Tulsa, OK, USA) was used to perform analyses.
Results
Table II displays the distribution of genotypes and frequency of alleles of -135G>C polymorphism in patients with TNBC and controls. We found a statistically significant increase in risk of triple-negative breast cancer in a group carrying the C allele of the -135G>C polymorphism of the RAD51 gene.
All the tumours were graded by a method based on the criteria of Bloom-Richardson. Histological grading was related to RAD51 polymorphism. Histological grades were evaluated in all the cases (n = 50); grade I -25 cases, grade II -15 cases and grade III -10 cases. Grades II and III were accounted together for statistical analysis (see Table III ). There were no significant differences between distributions of genotypes in subgroups assigned to a particular histological grade (p > 0.05).
Moreover, we did not find any association between TNM and node status parameters of breast cancer and the 135G>C polymorphism of the RAD51 gene in single step OR analysis.
Discussion
Changes in DNA during the organism life time caused by damaging factors and replication defects can lead to serious consequences. It is necessary to have systems repairing DNA, which remove damage and reduce the number of mutations. The systems are characterized by high substrate specificity and specialization. The systems include the direct damage reverse repair pathway, base excision, nucleotide excision, mismatch repair, and recombination repair. Changes in the protein encoding genes can lead to increased numbers of mutations, cancer development and other serious diseases, including inherited diseases. Accumulation related to age leads to transcription disturbances, decrease of overall organism efficiency and development of many diseases including breast cancer [18] [19] [20] [21] and finally to death [22] . Because of the poor survival of triple-negative breast cancer patients, there is a clinical need to identify new prognostic biomarkers that can be used to predict the therapeutic response and clinical outcomes in TNBC patients to rationalize treatment decisions.
RAD51 AND TRIPLE-NEGATIVE BREAST CANCER RISK
In the present study we investigated whether the single nucleotide polymorphism (SNP) -135G>C in the DNA repair RAD51 gene is associated with the risk of triple-negative breast cancer.
PCR-RFLP was applied for analysis of the chosen RAD51 gene polymorphism. It is based on amplification of the region of polymorphism in a certain gene by PCR and then incubation with a chosen restriction endonuclease specifically recognizing the sequence in one of the polymorphism variants of the gene. The PCR product which contains such a polymorphism is cut into two pieces while products of the wild type are not cut.
Many meta-analyses have demonstrated that RAD51 polymorphism may contribute to breast cancer risk [23] [24] [25] [26] .
In our earlier studies we investigated the single nucleotide polymorphisms in the RAD51 gene in sporadic breast cancer [15, 27] . Our results suggest that the -135G>C polymorphism of the RAD51 gene may be linked to sporadic breast cancer and can be considered as an additional marker of this disease.
However, the effect of RAD51 polymorphisms focused on molecular subtype triple-negative breast cancer occurrence was not investigated before.
In the present work we analysed the frequencies of the alleles of the RAD51 polymorphisms in samples from 50 patients with triple-negative breast cancer. The present work was performed on an ethnically homogeneous population, which may improve our knowledge regarding to what extent the genotype-phenotype relationship variations are population-related.
The results obtained show an association between the presence of the 135C variant allele of the SNP and breast cancer for the entire population. The findings indicated that a statistically significantly increased risk of TNBC was associated with C/C homozygotes. The relationship between the polymorphism of the RAD51 gene and clinical-pathological characteristics of triplenegative breast cancer patients was also studied. Breast cancer cases were divided by histological grade and tumour histology. We did not find any association between Bloom-Richardson grading and this polymorphism of the RAD51 gene.
The obtained data suggest that the reported study may be the first observation of the polymorphisms in the RAD51 gene, involved in the DNA repair pathway, to be associated with TNBC risk in the population of Polish women.
Finally, it is postulated that these polymorphisms may be used as predictive factors for breast cancer in the Polish female population. Further studies, conducted on a larger group, are suggested to clarify this point.
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